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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a vapor-phase 
deposition method by which an oxide film or a nitride film of 
high-permittivity materials exhibiting uniform and proper film 

quality is deposited on a substrate by a vapor-phase atomic A.-ry,jM 
layer deposition method without using chloride salt materials, 
and to provide a method for manufacturing semiconductor 

devices. ^tr"" ' -^J^'i 



SOLUTION: Material such as zirconium, hafnium or an organic i I '^-"y 

metallic compound such as a lanthanoid compound and an I ^ ^^-tr .^ .v;r j.-q- . | ~ 

oxidizing reagent or nitriding reagent made of nitrogen radical or '^■'^ "'^^i l\ p v 
mixture radical of oxygen and nitrogen are used. A metallic ^^i..,^ X V. v, yw^-^-. 

compound thin film is deposited by each atomic layer by "'SivV 
alternately applying the material and the radical. Since no -<r^iw^:* 
metallic chloride salt material and no water is used, no residual ^ 
chlorine or carbon is left in the film and a high-quality thin film 
exhibiting a high uniformity of thickness can be formed. 
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* NOTICES * 

JPO and NCXPI are not responsible for any 
damages caused by the use o£ tbis translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The gaseous-phase deposition approach of the metallic-compounds thin film which is the gaseous- 
phase deposition approach which deposits a metallic-compounds thin film for every atomic layer on a 
substrate, and is characterized by irradiating said raw material and said radical by tums, and depositing a 
metallic-compounds thin film to atomic layer order using the raw material which consists of an 
organometallic compound, the oxidizing agent which consists of a mixed radical of an oxygen radical, a 
nitrogen radical or oxygen, and nitrogen, or a nitriding agent. 

[Claim 2] The gaseous-phase deposition approach of the metallic-compounds thin film according to claim 1 
characterized by generating said oxygen radical from oxygen gas, generating said nitrogen radical from 
nitrogen gas or ammonia gas, and being generated from NO system gas by which said mixed radical 
contains NO, N20, or N02. 

[Claim 3] The gaseous-phase deposition approach of the metallic-compounds thin film according to claim 1 
or 2 which holds the water partial pressure in a reaction chamber to 10 - 4 or less Pa, and is characterized by 
controlling the gaseous phase reaction of water and an organometallic compound on the occasion of 
deposition of said metallic-compounds thin film. 

[Claim 4] The gaseous-phase deposition approach of the metallic-compounds thin film according to claim 1 
to 3 characterized by setting substrate temperature as the temperature which the autolysis of said 
organometallic compound raw material does not generate on the occasion of deposition of said metallic- 
compounds thin film. 

[Claim 5] The gaseous-phase deposition approach of the metallic-compounds thin film according to claim 4 
characterized by setting said substrate temperature as the temperature requirement which said metallic- 
compounds thin film deposits in the amorphous condition. 

[Claim 6] The gaseous-phase deposition approach of the metallic-compounds thin film according to claim 5 
characterized by setting said substrate temperature as a 300-degree C temperature requirement from 
ordinary temperature when using a tertiary butoxy hafnium as said organometallic compound raw material. 
[Claim 7] The gaseous-phase deposition approach of the metallic-compounds thin film according to claim 1 
to 6 characterized by depositing said metallic-compounds thin film continuously using said organometallic 
compound raw material within the same equipment after irradiating an oxygen radical or a nitrogen radical 
on a silicon substrate and forming silicon oxide or a silicon nitride in said silicon substrate surface. 
[Claim 8] The gaseous-phase deposition approach of the metallic-compounds thin film according to claim 1 
to 7 characterized by forming said metallic-compounds thin film using the raw material which mixed two or 
more organometallic compounds, 

[Claim 9] The gaseous-phase deposition approach of the metallic-compounds thin film according to claim 8 
characterized by controlling the film presentation of said metallic-compounds thin film formed by carrying 
out adjustable [ of the mixing ratio of said organometallic compound raw material ]. 

[Claim 10] The gaseous-phase deposition approach of a metallic-compounds thin film according to claim 1 
to 9 that said organometallic compound is characterized by including either a zirconium, a hafnium or a 
lanthanoids compound. 

[Claim 11] The gaseous-phase deposition approach of a metallic-compounds thin film according to claim 10 
that said organometallic compound is characterized by including any 1 of a tertiary BUTOKJ hafriium, an 
acetylacetonate hafnium, a diethylamino hafhixmi, a tertiary BUTOKI zirconium, an acetylacetonate 
zirconium, and the diethylamino zirconivims. 

[Claim 1 2] The gaseous-phase deposition approach of the metallic-compounds thin film according to claim 
1 1 characterized by depositing aluminates or a silicate compound on said organometallic compound further 
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using the raw material which mixed trimethylaluminum or a tetramethylsilane. 

[Claim 13] The gaseous-phase deposition approach of a metallic-compounds thin film according to claim 10 
that said organometallic compound is characterized by including a lanthEinum, a terbium, an erbium, a 
holmium, a dysprosium, and the dipivaloyl meta-NETO compound of PURASEOJIUMU. 
[Claim 14] The manufacture approach of an MOS transistor characterized by forming gate dielectric film 
using claim 1 thru/or the any 1 approach of 13. 

[Claim 1 5] The manufacture approach of a semiconductor device characterized by forming the barrier layer 

used for a multilayer-interconnection layer using claim 1 thru/or the any 1 approach of 13. 

[Claim 16] The manufacture approach of a semiconductor device according to claim 15 characterized by 

said barrier layer consisting of TaN formed by irradiating a nitrogen radical, using a PENT A dimethylamino 

tantalum as TiN formed by irradiating a nitrogen radical, or said organometallic compound raw material, 

using tetra-dimethylamino titanium as said organometallic compound raw material. 

[Claim 17] The manufacture approach of DRAM characterized by forming a capacitor capacity insulator 

layer using claim 1 thru/or the any 1 approach of 13. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the manufacture approach of the semiconductor 
device which deposits an insulator layer by the gaseous-phase deposition approach and this approach of 
depositing a metallic oxide or a metal nitride thin film for every atomic layer about the gaseous-phase 
deposition approach of a metallic-compounds thin film, and the manufacture approach of a semiconductor 
device. 
[0002] 

[Description of the Prior Art] In recent years, it has been an important technical problem on LSI 
manufacture by the rise of the degree of integration of a semi-conductor ultra-large scale integrated circuit 
(LSI) how various kinds of thin films are formed with sufficient dependability and homogeneity on a silicon 
wafer. Especially the gate dielectric film used for the gate of an MOS mold field-effect transistor is asked 
for high pressure-proofing besides low leakage current, high dependability, and the homogeneity of 
thickness. Until now, the insulator layer of Si02 system is mainly used as gate dielectric film, and the 
deposition by thermal oxidation is performed. Moreover, on gate dielectric film, a polish recon electrode 
usually accumulates with a reduced pressure CVD method as a gate electrode. 

[0003] However, gate dielectric film is thin-film-ized fi-om the request of a scaling law by 2nm or less of 
thickness in recent years, and the problem that a gate leakage current increases by thin film-ization of gate 
dielectric film has arisen. Then, examination which newly introduces a metallic oxide with specific 
inductive capacity higher than Si02 is performed. In order to fall leakage current, even if this deposits the 
physical thickness of an insulator layer thickly, it is because effectual thickness when converting into Si02 
film (specific inductive capacity 4) can be made small in the case of an insulator layer with high specific 
inductive capacity. 

[0004] These metal insulator layer needs to be stable on silicon and a thermodynamics target, and 
installation of the oxide of 20aluminum3 film, Zr02 film, Hf02 film, or a lanthanoids system element etc. 
is considered from the viewpoint (for example, H.J.Osten, 2000 or 653 pages of lEDM technical digests). In 
this, since 20aluminum3 film is used as an insulating material fi-om the former, it is promising as first high 
dielectric constant film which replaces Si02. However, since the specific inductive capacity of 
20aluminum3 film is not so so high as about 10, Zr02 (specific inductive capacity 25) film and Hf02 film 
(specific inductive capacity 30) with more high specific inductive capacity, or a lanthanoids system insulator 
layer is fiirther examined as the next generation's ingredient. Or promising ** also of the aluminates film 
which added Zr or Hf in aluminum203 film, or the silicate film which added Zr or Hf in Si02 is carried out 
(for example, L.Manchanda, 2000 or 23 pages of lEDM technical digests). 

[0005] On the other hand, in deposition of gate dielectric film, the homogeneity within a wafer side of 
thickness is very important, for example, the thickness homogeneity demanded when depositing gate 
dielectric film of 1.5nm of conversion thickness on a 8 inch silicon wafer is less than **0.05nm in a field. 
Although various technique, such as thermal oxidation processing after a reactant spatter and a metal spatter 
and chemical gaseous-phase deposition (CVD:Chemical Vapor Deposition), is used for deposition of the 
above-mentioned quantity dielectric constant gate dielectric film, since thickness homogeneity very good in 
a silicon wafer side is acquired, the gaseous-phase atomic layer depositing method (ALDiAtomicLayer 
Deposition) deposited while accumulating one atomic layer especially of metal insulator layers at a time 
attracts attention as the leading deposition approach. In order to carry out the gaseous-phase deposition of 
the metal oxide film for every atomic layer by the gaseous-phase atomic layer depositing method, it is 
attained by performing a mutual exposure with trimethylaluminum (TMA) and water by 20aluminum3 film, 
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and performing a mutual exposure with a chloride raw material and water in Zr02 and Hf02. 
[0006] 

[Problem(s) to be Solved by the Invention] However, in order to use a chloride as material gas when 
depositing Zr and the oxide film of Hf by the gaseous-phase atomic layer depositing method as described 
above, into the oxide film after membrane formation, the chlorine contained in material gas remained and 
the fall of the remarkable dependability in the production process of a subsequent semi-conductor was 
caused. Moreover, also when introducing the aluminates film and silicate film of Zr or Hf, in order to use a 
chloride for a raw material, it had the problem of the same chlorine residual. Or when introducing a 
lanthanoids system element, since a chloride raw material was a solid-state primarily, it was difficult [ it ] to 
perform gaseous-phase deposition. 

[0007] This invention is made in view of the above-mentioned trouble, and the main purpose is in offering 
the gaseous-phase deposition approach which can deposit Zr, the oxide film of Hf and a nitride or the 
aluminates film containing them and the silicate film, or the oxide film and nitride of a lanthanoids system 
element on a substrate in homogeneity and good membraneous quality by the gaseous-phase atomic layer 
depositing method, and the manufacture approach of a semiconductor device, without using a chloride raw 
material, 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, on a substrate, the 
gaseous-phase deposition approach of this invention is the gaseous-phase deposition approach which 
deposits a metallic-compounds thin film for every atomic layer, using the raw material which consists of an 
organometallic compound, the oxidizing agent which consists of a mixed radical of an oxygen radical, a 
nitrogen radical or oxygen, and nitrogen, or a nitriding agent, irradiates said raw material and said radical by 
turns, and deposits a metallic-compounds thin film to atomic layer order. 

[0009] In this invention, it is desirable for said oxygen radical to be generated fi-om oxygen gas, and for said 
nitrogen radical to be generated from nitrogen gas or ammonia gas, and to be generated firom NO system gas 
by which said mixed radical contains NO, N20, or N02. 

[0010] Moreover, in this invention, it is desirable to hold the water partial pressure in a reaction chamber to 
10 - 4 or less Pa, and to control the gaseous phase reaction of water and an organometallic compound on the 
occasion of deposition of said metallic-compounds thin film. 

[001 1] In this invention, deposition of said metallic-compounds thin film is faced. Moreover, substrate 
temperature The temperature requirement on which it is desirable to set it as the temperature which the 
autolysis of said organometallic compound raw material does not generate, and said metallic-compounds 
thin film deposits said substrate temperature in the amorphous condition. Or when using a tertiary butoxy 
hafiiium as said orgeinometallic compound raw material, it can consider as the configuration which sets said 
substrate temperature as a 300-degree C temperature requirement fi*om ordinary temperature. 
[0012] Moreover, in this invention, after irradiating an oxygen radical or a nitrogen radical on a silicon 
substrate and forming silicon oxide or a silicon nitride in said silicon substrate surface, it can also consider 
as the configuration which deposits said metallic-compounds thin film continuously using said 
organometallic compound raw material within the same equipment. 

[0013] Moreover, in this invention, it can consider as the configuration which controls the film presentation 
of said metallic-compounds thin film formed by forming said metallic-compounds thin film using the raw 
material which mixed two or more organometallic compounds, and carrying out adjustable [ of the mixing 
ratio of said organometallic compound raw material ], 

[0014] Moreover, in this invention, it is desirable that said organometallic compoxind contains either a 
zirconium, a hafiaium or a lanthanoids compound. 

[0015] Moreover, the manufacture approach of the MOS transistor of this invention forms gate dielectric 
film using the above-mentioned gaseous-phase deposition approach. 

[0016] Moreover, the manufacture approach of the semiconductor device of this invention can form the 
barrier layer used for a multilayer-interconnection layer using the above-mentioned gaseous-phase 
deposition approach, and said barrier layer can consider it as the configuration which it becomes fi-om TaN 
formed by irradiating a nitrogen radical, using a PENTA dimethylamino tantalum as TiN formed by 
irradiating a nitrogen radical, or said orgEinometallic compound raw material, using tetra-dimethylamino 
titanium as said organometallic compound raw material. 

[0017] Moreover, the manufacture approach of DRAM of this invention forms a capacitor capacity insulator 
layer using the above-mentioned gaseous-phase deposition approach. 

[0018] Thus, by replacing with the raw material of a chloride system and using an organic metal raw 
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material for all, by replacing with the water which can prevent the residual of the chlorine to the inside of 
the film, and is used from the former, and using an oxygen radical and a nitrogen radical as an oxidizer or a 
nitriding agent, this invention prevents the reaction of water and an organic metal raw material, and enables 
the gaseous-phase deposition for every atomic layer of a metallic oxide or a nitride thin film. 
[0019] 

[Embodiment of the Invention] The gaseous-phase deposition approach concerning this invention is set in 
the gestalt of the 1 desirable operation. A zirconium, a hafriium, Or the raw material which consists of 
organometallic compounds, such as a lanthanoids compound, and an oxygen radical, The oxidizer which 
consists of a nitrogen radical or a mixed radical of oxygen and nitrogen, or a nitriding agent is used. On 
conditions with 10 - 4 or less Pa [ of water partial pressures in a reaction chamber ], and a substrate 
temperature of 300 degrees C or less By irradiating a raw material and a radical by turns, not depositing a 
metallic-compounds thin film for every atomic layer, not using a metal chlorine object for a raw material, 
and not using water for an oxidizer, the residual of the chlorine to the inside of the film or carbon can be 
prevented, and the high-definition and high thin film of thickness homogeneity can be formed. 
[0020] That is, the deposition for every atomic layer is attained by irradiating an organic metal raw material, 
it carrying out saturation adsorption, and continuing on a substrate, oxidizing the organic metal which is 
adsorbing on a substrate by replacing with the water used as an oxidizing agent from the former, and 
irradiating an oxygen radical, removing carbon, and repeating the procedure which forms the adsorption site 
of the following organic metal raw material in coincidence. In addition, if it replaces with an oxygen radical 
and a nitrogen radical is used, a metaled nitride will be formed for every atomic layer, and if the mixed 
radical of oxygen and nitrogen is used, a metaled acid nitride will be formed for every atomic layer. 
[0021] In addition, "every atomic layer" indicated on these specifications means every film formed from the 
organic metal raw material by which saturation adsorption was carried out in every monoatomic layer and 
each cycle in strict semantics, the thickness changes under the effect of the steric hindrance by the 
magnitude of the organic metal raw material adsorbed, and it is considered in general that thickness shows 
the value of one or less atomic layer. Moreover, an oxygen radical, a nitrogen radical, or the mixed radical 
of oxygen and nitrogen shall point out the radical respectively generated from NO system gas containing 
oxygen gas, nitrogen gas or anunonia gas, NO, N20, or N02. 
[0022] 

[Example] The gestalt of operation of above-mentioned this invention is explained with reference to 
drawing 1 and drawing 2 about the example of this invention that it should explain to a detail further. 
Drawing 1 is the schematic diagram of the gaseous-phase atomic layer deposition equipment used by this 
invention. The membrane formation room 1 is exhausted with the vacuum pumps 5, such as a dry pump and 
a drag molecular pump, and is put under reduced pressure. At this time, a base degree of vacuum is 10 - 5 or 
less Pa, and the partial pressure of the water in equipment is always kept at 10 - 4 or less Pa. The equipment 
upper part is equipped with the source 4 of a radical, and the radical of oxygen or nitrogen is irradiated by 
impressing microwave. The source of a radical is equipped with the chemical cylinder 8 of oxygen or 
nitrogen through the closure bulb 10 and a massflow controller 6. 

[0023] In this deposition equipment, an organic metal raw material is supplied by two kinds of approaches 
as follows. One of them heats the organic metal raw material of a liquid to predetermined temperature, it 
raises vapor pressure, it is the approach of introducing into a membrane formation room through a massflow 
controller, and this equipment is equipped with the raw material cylinder 7 with a heating device, the 
massflow controller 6, and the closure bulb 10. Another approach is the approach of controlling the volume 
of the organic metal raw material of a liquid by the liquid massflow controller, making evaporate a liquid 
with a carburetor after that, and supplying in a reaction chamber. With this equipment, it has the liquid 
cylinder 12, and the helium chemical cylinder 13, the liquid massflow controller 11, the carburetor 9 and the 
closure bulb 10 for pressurizing a liquid and sending the liquid. When heating raises vapor pressure easily, 
the approach of the former which uses a massflow controller, and the approach of the latter which uses a 
carburetor for an ingredient with low vapor pressure are applied. Moreover, this equipment is equipped with 
the heater 2 for substrate heating, and a substrate 3 is heated at a heater 2. 

[0024] Ahhough following each example described the example which formed various insulator layers 
using the gaseous-phase atomic layer deposition equipment of the above-mentioned structure, in advance of 
explanation of each example, first, only the raw material was replaced with the chloride raw material, and 
the insulator layer was formed by the technique using an organic metal raw material. Specifically the tertiary 
butoxy hafnium {Hf (OtBu)4} was used for the organic metal raw material, conventional water was used for 
the oxidizer, both were irradiated by turns, and atomic layer growth was tried. As membrane formation 
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conditions, it considered as the substrate temperature of 300 degrees C, and each exposure partial pressure 
was set to lOOPa, irradiation time of water was made and hafnium irradiation time was made into 10 to 30 
seconds for 5 seconds. 

[0025] The result of having formed membranes by the above-mentioned approach is shown in drawing 2 . 
Drawing 2 R> 2 shows the relation between the raw material irradiation time per 1 cycle, and the deposition 
thickness per 1 cycle, and when the mutual exposure of tertiary butoxide and the water is carried out, 
thickness is going up with the increment in irradiation time, without being saturated. That is, this shows that 
the usual gaseous-phase deposition reaction is advancing without tertiary butoxide carrying out saturation 
adsorption on a substrate. In addition, the more a water partial pressure becomes small, the reaction of water 
and an organic metal raw material is controlled, the more saturation adsorption becomes easy to take place, 
but even if it establishes a hot wall or uses large-sized evacuation equipment, it is difficult to make a water 
partial pressure small enough, and it replaces with a chloride raw material and every atomic layer cannot 
only be deposited by the technique using an organic metal raw material. 

[0026] So, in the invention in this application, it is characterized by replacing with the water which replaces 
with a metal chloride as a raw material, and it not only uses an organic metal raw material, but is used from 
the former as an oxidizing agent, and performing a deposition reaction using an oxygen radical, a nitrogen 
radical, or the mixed radical of oxygen and nitrogen. The result of having actually deposited the insulator 
layer on below by the approach of this invention is indicated. 

[0027] [Example 1] The gaseous-phase deposition approach concerning the 1st example of this invention is 
first explained with reference to drawing 3 thru/or drawing 7 . In addition, the 1 st example shows the 
example which deposited the oxide of a hafnium for every atomic layer. 

[0028] The tertiary butoxy hafnium {Hf (OtBu)4} is used for the raw material of a hafnium. The thermal 
oxidation film Inm or less was beforehand formed in the substrate 3 using the 8 inches silicon substrate. The 
raw material was heated at about 80 degrees C, and it introduced into the membrane formation room 1 
through the massflow controller 6. The exposure partial pressure of tertiary butoxide is lOOPa, and the 
oxygen radical impressed the power of lOW and made it generate in IPa of oxygen tension. And after 
heating to the substrate temperature of 300 degrees C, 40 cycles irradiated order called a raw material- 
oxygen radical by turns. 

[0029] The relation between the raw material irradiation time per 1 cycle and the deposition thickness per 1 
cycle is shown in drawing 3 . It is about 5 seconds or more of irradiation time, and by carrying out the 
mutual exposure of an organic metal raw material and the oxygen radical shows that the organic metal raw 
material is carrying out saturation adsorption on a substrate so that drawing 3 may show. It became clear 
from this result for a metallic oxide to be deposited for every atomic layer using an organic metal raw 
material by using an oxygen radical for an oxidizer. 

[0030] The situation of the above-mentioned saturation adsorption reaction is explained with reference to 
drawing 4 . First, in drawing 4 (a), after forming silicon oxide 15 by radical oxidation on a silicon substrate 

14, as shown in (b), saturation adsorption of the organic metal raw material 16 is carried out on silicon oxide 

15. If the organic metal ingredient 16 does not autolyze at this time, the amount of the organic metal 
ingredient 16 adsorbed serves as a fixed value. Then, as shown in (c), the oxygen radical 17 which is the 
description part of this invention is irradiated, the organic metal ingredient which carried out saturation 
adsorption is oxidized, and 1 stratification of the metallic-oxide thin film 18 is carried out. At this time, the 
thickness of one layer serves as value extent of one or less atomic layer in strict semantics depending on the 
magnitude of the organic metal ingredient by which saturation adsorption is carried out. And the metallic- 
oxide thin film of desired thickness can be formed by repeating the process of (b) and (c) by turns. 

[003 1 ] Moreover, by the approach of this example, since water was not used for membrane formation, the 
water partial pressure in the membrane formation room 1 is always kept at 10 - 4 or less Pa, and was able to 
control the gaseous phase reaction of a raw material and water completely. Moreover, since residual oxygen 
and a raw material did not react by the gaseous phase at the time of a raw material exposure and the radical 
had also deactivated completely on the other hand, a radical and a raw material were not seen react by the 
gaseous phase, either. 

[0032] And by the approach of this example, since every atomic layer was formed, homogeneity within a 
field of thickness could be made very good, and dispersion in the thickness within the 8 inch wafer of the 
hafnium oxide film which is 3nm of thickness which carried out 40 cycle mutual exposure was able to be 
suppressed within **0.05nm. Moreover, since chlorine was not contained in a raw material, it made it 
possible to prevent property degradation at the subsequent process resulting from the residual chlorine in the 



film. 
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[0033] In addition, when substrate temperature was changed into 350 degrees C and 400 degrees C and the 
same deposition experiment was conducted, at the above-mentioned temperature, the intense autolysis of a 
raw material occurred and atomic layer growth was not able to be performed. This result is explained with 
reference to drawing 5 . Although temperature increases the rate of sedimentation gently in connection with 
a temperature rise in a field 300 degrees C or less so that drawing 5 R> 5 may show, the rate of 
sedimentation is increasing rapidly bordering on 300 degrees C. This is for growth by the usual CVD 
reaction to advance also in the situation which the deposited raw material autolyzes violently and does not 
have an oxygen radical. 

[0034] Moreover, from the structure and activation energy of the film in each field, in the field 300 degrees 
C or less in which saturation adsorption takes place, the film formed is in an amorphous condition and it is 
checking that it is in a polycrystal condition in the field 300 degrees C or more by which an intense autolysis 
reaction is accompanied on the other hand. From this result, in order to have deposited every atomic layer by 
the approach of this example, substrate temperature was understood that it is desirable to consider as 300 
degrees C or less, when a tertiary butoxy hafnium was specifically used as an organic metal raw material, 
the temperature from which the film to deposit is amorphous, and. 

[0035] Moreover, as shown in drawing 6 , when the impurity carbon content in the film was measured 
according to secondary ion mass spectrometry, carbon existed in a front face and a substrate interface 
mostly, and it became clear to reduce the amount of carbon residue of the film (right-hand side of drawing) 
which irradiated the oxygen radical compared with what irradiated water (left-hand side of drawing). Thus, 
by replacing with water and using an oxygen radical, an impurity content can be reduced and leakage 
current can also be sharply controlled compared with what irradiated water by the film formed by the above- 
mentioned approach. 

[0036] This effectiveness is explained with reference to drawing 7 . Drawing 7 shows the electrical property 
(leak property) in the thickness converted into Si02 of Hf02 formed using gaseous-phase atomic layer 
deposition equipment, compared with the conventional approach which irradiated water and formed it, 
leakage current is reduced sharply, and it is shown that the approach of this example is effective in raising 
not only the controllability of thickness but the engine performance as an insulator layer, 
[0037] Here, although drawing 7 shows the leak property in a condition without annealing and shows that 
membraneous quality is excellent also in the phase immediately after membrane formation, it can reduce 
leakage current further by performing annealing treatment. As conditions for annealing, it is desirable to 
process about 10 minutes at the temperature of about 500-950 degrees C in a vacuum or nitrogen, oxygen, 
and a hydrogen ambient atmosphere immediately after membrane formation, and the approach gaseous- 
phase atomic layer deposition equipment performs annealing in a vacuum succeedingly after membrane 
formation is still more desirable. 

[0038] In addition, generally, when manufacturing a device using the metallic-compounds thin film which 
formed membranes by the above-mentioned approach, in order to reduce the interface state density of gate 
dielectric film, or since annealing is given for source drain activation, even if it does not perform annealing 
treatment separately to the film which formed membranes by the approach of this example, in such a case, 
leakage current can be reduced. 

[0039] In addition, when the same effectiveness was acquired as an organometallic compound also when an 
acetylacetonate hafnium {Hf (Acac)4} and a diethylamino hafnium {Hf (NEt2)4} are used besides tertiary 
butoxide, and a tertiary BUTOKI zirconium, an acetylacetonate zirconium, and a diethylamino zirconium 
were used as an organic metal raw material, it checked that the zirconic acid-ized film could be deposited 
for every atomic layer. 

[0040] Furthermore, by using the nitrogen radical generated from nitrogen gas or ammonia instead of the 
oxygen radical shown by this example By using the mixed radical generated from NO system gas which the 
nitriding reaction of an organic metal can arise, and can deposit a metaled nitride for every atomic layer, and 
contains NO, N20, or N02 It checked that the acid nitriding reaction of an organic metal could arise and a 
metaled acid nitride could be deposited for every atomic layer. 

[0041] The gaseous-phase deposition approach concerning [an example 2], next the 2nd example of this 
invention is explained. In addition, the 2nd example indicates the example which applied the invention in 
this application to the lanthanoids system element. 

[0042] In the 2nd example, a dipivaloyl meta-NETO (DPM) lanthanum and {La (CI 1H1902)3} were used 
for the raw material. DPM of a lanthanum was white powder at the room temperature, made the solution 
which dissolved this by 0.1 mol/L into butyl acetate evaporate at a rate of 0.1 g/min, and was introduced in 
the membrane formation room 1 through piping which heated at 200 degrees C or more. The exposure 
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partial pressure of Lanthanum DPM is 1 OOPa, and the oxygen radical impressed the power of 1 OW and 
made it generate in IPa of oxygen tension. What formed the thermal oxidation film Inm or less beforehand 
on the 8 inches silicon substrate was used for the substrate 3. 

[0043] After heating to the substrate temperature of 300 degrees C, when it irradiated order called a raw 
material-oxygen radical alternately 40 times and was made to deposit 3nm of thickness, like the 1st above 
mentioned example, saturation adsorption was caused more than in the raw material irradiation time 5 
second per time, and it checked that the deposition for every atomic layer was possible. Moreover, by 
realizing membrane formation for every atomic layer, homogeneity within a field of thickness could be 
made very good, and dispersion in the thickness within the 8 inch wafer of the lanthanum oxide film which 
is 3nm of thickness was able to be suppressed within **0.05nm. Furthermore, compared with the thing 
using water, the amount of carbon residue in the film was able to be reduced like the 1 st example, 
[0044] In addition, in this example, when substrate temperature was heated at 350 degrees C or more, the 
autolysis of a raw material arose and it was not able to grow up in every atomic layer. Moreover, the 
insulator layer of a lanthanum did not react with upside polish recon by 1050-degree C heat treatment, and 
degradation was not seen. The same effectiveness was acquired even if it used a terbium, the erbium, the 
holmium, the dysprosium, and the DPM compound of PURASEOJIUMU besides the lanthanum. 
[0045] Moreover, it checked that the nitriding reaction of an organic metal and an acid nitriding reaction 
could arise, and a metaled nitride or a metaled acid nitride could be deposited for every atomic layer by 
using the mixed radical generated firom NO system gas which contains the nitrogen radical and NO which 
made it generate fi-om nitrogen gas or ammonia, N20, or N02 instead of the oxygen radical shown by this 
example. 

[0046] The gaseous-phase deposition approach conceming [an example 3], next the 3rd example of this 
invention is explained with reference to drawing 8 and drawing 9 . Drawing 8 is drawing showing the 
saturation adsorption property at the time of forming 20aluminum3 film by a water exposure or oxygen 
radical exposure, and drawing 9 is drawing showing the electrical property of aluminum 203 in a water 
exposure and an oxygen radical exposure, 

[0047] Trimethylaluminum (TMA) was used for the raw material and the substrate which formed the 
thermal oxidation film Inm or less beforehand on the 8 inches silicon substrate was used for the substrate 3 
like other examples. The raw material was heated at about 80 degrees C, and it introduced into the 
membrane formation room 1 through the massflow controller 6. The exposure partial pressure of 
trimethylaluminum is lOOPa, and the oxygen radical impressed the power of lOW and made it generate in 
1 Pa of oxygen tension. 

[0048] After heating to the substrate temperature of 300 degrees C, when order called a raw material-oxygen 
radical was irradiated 40 times by turns, it turned out like the 1 st and 2nd examples that saturation 
adsorption is caused more than in raw material irradiation time 5 second, and the deposition for every 
atomic layer was enabled. On the other hand, when order called raw material-water was irradiated 40 times 
by turns, by trimethylaluminum, saturation adsorption was mostly caused in the raw material irradiation 
time 10 thru/or 15 seconds or more. 

[0049] In the 1st and 2nd examples using a hafiiium raw material, to not causing saturation adsorption, it is 
based on the reactant difference in a raw material that saturation adsorption takes place mostly by water 
exposure, and by water exposure, by trimethylaluminum, since the reactivity of trimethylaluminum over 
water is small compared with a hafhium raw material, it is considered because the usual CVD reaction is 
controlled. 

[0050] However, when using trimethylaluminum, as shown in drawing 8 , by water exposure, with the 
increment in feeding time amount ability, thickness is increasing somewhat and it is thought that it is 
slightly accompanied by the CVD reaction. Since it has the function in which radical oxygen removes the 
carbon in an organic metal as the radical exposure showed the clear saturation adsorption property, and it 
indicated in the above mentioned example on the other hand, while the thickness of the metallic-oxide thin 
film deposited more strictly was controllable, compared with the fibn formed by the water exposure, an 
electrical property can be made good. Therefore, also in membrane formation of aluminum 203, it can be 
said that the direction of a radical exposure is excellent. 

[0051] This effectiveness is explained with reference to drawing 9 . Drawing 9 shows the electrical property 
(leak property) in the thickness converted into Si02 of aluminum 203 formed using gaseous-phase atomic 
layer deposition equipment, and it is shown that leakage current is sharply reduced compared with the 
conventional approach which irradiated water and formed it, and the approach of this example is effective in 
raising not only the controllability of thickness but the engine performance as an insulator layer. 
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[0052] Thus, even if it uses water, also about membrane formation of aluminum 203 in which saturation 
adsorption is almost possible, by using an oxygen radical, the controllability of thickness can be raised and 
membranous leakage current can be reduced according to the removal effectiveness of the carbon by the 
oxygen radical. In addition, it is the same as that of the above mentioned example that it can replace with an 
oxygen radical and a nitrogen radical or the mixed radical of oxygen and nitrogen can be used. 
[0053] The gaseous-phase deposition approach conceming [an example 4], next the 3rd example of this 
invention is explained with reference to drawing 10 . Drawing 10 is drawing showing the relation between 
trimethylaluminum (TMA), and the mixing ratio and film presentation at the time of mixing a tertiary 
butoxy hafiiium. In addition, the 4th example shows the example which deposited hafiiium aluminates. 
[0054] Trimethylaluminum and a tertiary butoxy hafnium were used for the raw material, and both were 
mixed and deposited. The substrate which formed the thermal oxidation film Inm or less beforehand on the 
8 inches silicon substrate was used for the substrate 3 like other examples. Setting the exposure partial 
pressure of an organic metal raw material to lOOPa in total, the oxygen radical impressed the power of lOW 
and made it generate in IPa of oxygen tension. 

[0055] After heating to the substrate temperature of 300 degrees C, when order called a raw material-oxygen 
radical was irradiated 40 times by turns, it turned out like the 1st thru/or the 3rd example that saturation 
adsorption is caused more than in raw material irradiation time 5 second, and the deposition for every 
atomic layer was enabled. In addition, in this example, when substrate temperature was heated at 350 
degrees C or more, the autolysis of a raw material arose and it was not able to grow up in every atomic 
layer. 

[0056] Next, the presentation change to the flow rate of a raw material is shown in drawing 1010 . By 
changing both mixing ratio, the presentation changed continuously fi'om aluminum 203 to Hf02. In 
connection with it, membranous specific inductive capacity also changed fi:om the value 9 of aluminum 203 
linearly to the value 30 of Hf02. In the insulator layer of 50% or less of hafiiium contents, after 1050-degree 
C heat treatment did not cause crystallization, a upside polish recon electrode did not react fiirther, and 
degradation was not seen. 

[0057] Moreover, as a hafiiium raw material, also when an acetylacetonate hafiiium {Hf (Acac)4} and a 
diethylamino hafiiium {Hf (NEt2)4} were used besides tertiary butoxide, it checked that the same 
effectiveness was acquired. Furthermore, when a tertiary BUTOKI zirconium, an acetylacetonate zirconium, 
and a diethylamino zirconium were used as an organic metal raw material, it checked that the zirconium 
aluminates film could be deposited for every atomic layer. Moreover, it checked that the silicate containing 
a hafnium or a zirconium could also be formed by replacing with the trimethylaluminum used by this 
example, and using a tetramethylsilane. 

[0058] The gaseous-phase deposition approach conceming [an example 5], next the 5th example of this 
invention is explained. The 5th example shows the example which carried out continuation membrane 
formation of silicon oxide and the metallic-oxide insulator layer on a substrate silicon substrate. 
[0059] First, after fluoric acid immersion processing removed the natural oxidation film, the silicon 
substrate was introduced in equipment, the oxygen radical was generated for 5 seconds by the substrate 
temperature of 400 degrees C, IPa of oxygen tension, and lOW of power, and oxidation treatment of a 
substrate silicon substrate was performed. This formed silicon oxide Inm or less. Then, by the technique of 
having cooled to 300 degrees C and having indicated substrate temperature in the above mentioned 1st 
thru/or the 4th above mentioned example, and the same technique, the mutual exposure of an organic metal 
raw material and an oxygen radical was performed 40 times, and silicon oxide and a metallic-oxide insulator 
layer were deposited continuously. When this cascade screen was investigated by secondary ion mass 
spectrometry, the amount of carbon residue of silicon oxide and a metal insulator layer interface could be 
further reduced by this example, and membranous leakage current was able to be controlled further. 
[0060] Moreover, it also checked that the nitriding reaction of a substrate and an organic metal could arise, 
and a metaled nitride could be continuously deposited on a silicon nitride by using the nitrogen radical 
generated fi-om nitrogen gas or ammonia instead of the oxygen radical shown by this example. Moreover, by 
using the mixed radical generated from NO system gas containing NO, N20, or N02, the acid nitriding 
reaction of a substrate and an organic metal can arise, and a metaled acid nitride can be continuously 
deposited on a silicon acid nitride. 

[0061] In addition, in each above-mentioned example, although the oxide of a zirconium, a hafiiium, 
aluminum, and a lanthanoids was indicated, this invention is not limited to the above-mentioned example, 
and can be applied also to the compovmd of wide range metallic elements, such as a tungsten, a tantalum, 
and titanium. Moreover, although the above-mentioned example indicated the case where the insulator layer 
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formed by the approach of the invention in this application was applied to gate dielectric film, the technique 
of the invention in this application is not limited only to the formation application of gate dielectric film, is 
the barrier layer used for the multilayer-interconnection layer of a silicon integrated circuit, and can be 
applied also to the case where the precise film is deposited for every atomic layer, and the capacity insulator 
layer of a DRAM capacitor. 

[0062] As the above-mentioned barrier layer, TaN formed by irradiating a nitrogen radical using TiN 
formed by irradiating a nitrogen radical, using tetra-dimethylamino titanium as an organometallic compound 
raw material or said organometallic compoimd raw material PENTA dimethylamino tantalum can be used, 
for example. 
[0063] 

[Effect of the Invention] As explained above, according to this invention, by irradiating an organometallic 
compound, an oxygen radical, a nitrogen radical, or the mixed radical of oxygen and nitrogen by turns, it 
becomes possible about carrying out the gaseous-phase deposition of an oxide, a .metaled nitride, and a 
metaled acid nitride thin film for every atomic layer, and very high homogeneity and dependability can be 
acquired. Moreover, it made it possible to deposit aluminates, silicate, and a lanthanoids insulator layer in a 
gaseous phase for every atomic layer. 

[Translation done.] 
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^ ji^tzK)<Dmmmmt<Dm%^m3\z7r:T. ms^^^ 

r^ctizj^D. mmm?u^5fmmi^y.±xmi^±iz^m 
^mmn^m^^mLx\^^^z.t^^tD:^^^. z,<DmMf)^ 
wtm^z^ti)i^wtim\zm\^'^^zt\z^o. mm^ 
mm\^m i^^xm^m z:t iz^mmitmmm'^mx^ 
^zitmn^fi^ht^'Dtz. 

[0 0 3 0] ±g5iaf0K«JKi6cD«^^^4*#HaL.T 
mm-^^o ^"T. MA (a) tC^3l^T, i>U=i>S1Sl 

A±,\zzfi^ti)imit\z^^xiy^)zi>mi\:m 1 5 

{.tz^ik. (b) \z^'t^o\z. vU:3>^{bM 1 5±iz 

«*^n ^<Dm\t,-'^(Dmtt£.^. ^om. (c) tc^T 
^L. m^mmLrz^m^m^m^mtLx^mmit^ 



xuim^m^T(Dmmmttj.^. ^lx. (b) . 
[0 0 3 1 ] ^rz. ^mmm(D:^mx{tf^miz7\^^^m 

b;^j:Vi;^ci6. 1 rt07ic5^JE«^fl 1 0 Pajl^ 

T^ciT^tr-^/^c, ^rz. w.nmittm\zf^wmmtmn 

[0 0 3 2] ^LT> *:^ffi^J(7):;&^Tt^, H^S^T^ 
iiii^^T^^/za?). 

'tmtbxAmz'r^zti!)^T^. 4 oit-Y^^i/sgsrai^ 

X(Dmm(D\'£'brD^^. ±0. 0 5 nrnJl^F^tCjlpA^C 

ti)^x^ft. mrz. ^M\z^m^^mi^x\^^rj:\^^<Dx. 

[0 0 3 3] sisMS^3 5 ot:43j:rX4 0 or 
20 \z^^xmm<Dmmnm^nr:>rztc^. ±t^m&x\t 

sf>^ihi^f)^^^o\z. mmff^s 0 or:]^T<Dm^x\t. 

m.Bt±mz^'Dxmmmm\ftm^^^\zmm-r^i^^. 30 
ox:^m,\zLxmmmm^^Mmi,zmmLx^^^. cn 

t^^^iiiT t) ® ^ C V D cfc S J5lc:g ;0<aifT-r -5 d6 

[0 0 3 4] S/c, ^^(73^^lIi5(t^m(7)>fiS|jg&o:S 
30 mtX.:^)l^-t}^^. fig|PK^7&^SC:S3 0 OrJI^^TO 

\t. ^f^^vtmx$>^::t^mmLx^^^. z<Df^^^^ 
^mmm(D:^mxm=f'mz:t(Dmm^rr'^\z\tt. s 

Mci^&^iz\t^m^mmntLx^'-i^^ o-^h^iy • 

A7z:'^A^fflV^SiB'&(rH3 0 OlCJe^T^-rsci:?)^ 

m^Li^z.ti)^^:^^^rzo 

[0 0 3 5] ^fz. m6\zm'tJ:o\z. ii'A-r^>nm 
40 f^Vim\z^om^(DyF$^(&mmm^m^Ltztc^. ^ 
m\t^mtmm^miz0<i^^L. mm^i^ttJu^mM 
Lfzm m<D:^m) (Dmw^mm\t. 7K^m^i^rzh<D 

m<D&m) \z]t-<xi^mT^:it^^BMiE>t}^\zU'Drz. 

z<DJ:z>\z. yKizR^xmm'yi^tfJl^^^m-t^ziiiz 

^K>. ^m.^^mm^t&m'r^z.t^^x^. ±myjmx 
miiSLLrzmxitv-i7mm^7i<i^mMi'rzh(D{z\:t-<x 
:km\ztvm-r^z.^f)^xt^. 
[0 0 3 6] ^.(DnM^m? ^mmLxmmr^. mi 
^mm^mmm^m^m^^^xm^i^rzH f 02 (ds 
50 ioa ^ztf^nLtzmmz^it-f^mm.^^ (^j-^^m 
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[0 0 3 7] ZCX\ m7\t. 7::^-AUL(Di^mX'(D 

^j-^^^^7F:Lxt^K>. j&m\^m(7^&m\z^\^^xhm 

-r C i J: o TM icu - a ^ (SMT ^ c ;5<T ^ 

s« T=.-)i<D^f^tLx\t. ^mmmzm?^^^L< 

\t^m. ^m. 7jc^iiffl^*fc^iiT5 0 0-9 5 or 

mi^mmimmx^^mm. B\^m^M^^^zx7zi-)v 
^n^:^m^m^z»^LiK 
[0 0 3 8]/j:4o. ±tE':^mxf^mLfz^mit^!^nm 

mi±it<Drzs^\zT--')u^m^ti^rzi5b. z<Dj:oum 
^\z{t. :$^mmm<D:^mx^mi.rzm^zMLx^mT 
'-)i^mm^m^fji<xh^j-'i7mm^i&m'r^ct^^x 

[0 0 3 9] fS:^. ^m^mit^^tLX^-i^^^J- 

':fh^iy\^\^^\zh. 7-iz^Jiy± b h ' J\yziO 
A {H f (Ac a c) 4 ) . i?JL^)U7^y • /\y=.0 

A {H f (NE 1 2 ) 4 ) ^m^^rzm^\zhmm(D^^ 
m%^n. mm^mmm^i^x^->^^o-zrh=¥ ' 

^ A ^{kM ^ 11^^ r <h ^ ^ :i <^ 51 iSi b ;t . 

[0 0 4 0] mz. :^mmmx'^i.rzmmyi^tf)U(Dit 

myi^t})u^m\^^^zt\z^D. ^m^mcD&tKJt^:^^ 
^cx. ^m<D^it^^m^m^t^zmm-^mx^o . 

^ft. NO. N2 0X«N02 ^^trNO^:^fX75^e^ 

wt^it^^^^^^cx . ^m<Dm^it^^m'Tmz:t\zm 
m'sjmx$>^z. t ^mm l tz. 
[0 0 4 1] immm 2 ] 'a\z. :^^m<Dm 2 <ommm 
\zm^m.^mmy^m\z^\^'^xmmr^. u^. ^20^ 
mm\t. y>^ \^^7tm\z^m^^^mmvrzm\z 

[0 0 4 2] ^2<D^mmX\t. i^}dJ^U'i )V^^^^- 
h (DPM) 'V>^>. {La (Cii Hi9 O2) 
3) ^W.^\zm\i'^ft. ^>^><OT>PU\t'^mLXB'&(D 

n^xh^. z.n^mm':f'3^)V^\zo. imo\/hx 

mmi^rzmm^O, l g/m i ncDM^T^fb^l^-T, 

2 0 ox:^±\zmm:Lrz^'g^mLXf^m^ 1 [^\zmx 
m^^i^t}Mt. m^^&i p ax I ov/<Dmt}^^im 

±{Z^^^^C6bl nm&iT(Ommm^m0^Lrzh(D^ 



[0 0 4 3] S«MS3 0 Or^TiD^LUyc^f-. 
-K^^x:t»JUiV^-5Jetw4 OIelS!St::KgltL. Ki¥3 

\z, ij^$>rzO(DmnwMmm5ii^i;k±xmm&m^^ 
^/c. ^.^mz:t(Df^m^mm't^^t\z^o. mm(o 
(Dy>^ >m<tm<o 8 < >^ox,/\\^x<Dmm(D\iib^ 
HI <z)iiM^jchi5i^n, 7^^m^^tzhco\zit^x, 

[0 0 4 4] fji:t6. :$^mmm\Z:H\,^Xh. 3 5 0X:J^± 

\zsw,Mm^mn^.-t^t. mnco^E.^m^^^cxf^'F 
m:::t<Df^-^^fjz>ctitx^U:^^-Drz. ^fz. 

>(O^Wmt \ 0 5 0r(DSai2l31JwJ:0±gBO2!tU->U 

^yt.K^.t^:it.\^u<. ''i^^^\^^^nut^r>tz. ^ 

>^ >^^{zt>. 7^;i/h:'^7A, x;Hf'j7A. ^Jl^^O 
A. vXT'Uvr^A. ':/y±:i'i^^A<DDPUit^f^^ 

20 ffl T i^ei<D^mdn# €> n^Co 

[0 0 4 5] mrz. ^mmmxmLrzmmyi^tf)i<DR 

t)0\z. ^m:^7.^^\f^\t7>^-7i)^th^^i^ii:rz^ 
m'yz^iJ)^^ NO. N2 0XtiN02 ^-^t^NO^^X 

ft. 

[0 0 4 6] [Mmm 3 ] :^\Z. 3 

TA 1 2 O3 M^?^^Ufc^^H:Btt-5tgfPSilf4#^^fe^ 
^(^A 1 2 O3 <7)^^#tt$^-r^T^S. 

[0 0 4 7] mm\zh^) ^'^)V7)v^-oj^ (tma) 
^m^^. mwLz\z\tm<D^mmhmm\z. so^o^ 
'J 13 >^<s±tc^ i;«6 1 n mysT<Dmmitm^mf^ 
\^rzmwL^m\i^it. ox:\zmfs^^i.. -^x 

yn-ziyvu-^Q^it\^x^Wk'^i\zmx\^rz. h 

^) :^'}')V7)V^-^h,<Dmft^^m\tl OOP aT^O. 
40 mn'Pz^tiM^. SiSa^EEl P aTl 0 Wa)m:^<£:BlJbD 

[0 0 4 8] m^mmz 0 ox:^xi]mi.tz^\z. 
-^Myiyti)ih\^^^m\z-^mzA om^.M\^tztz, 
5. m\'&xsm2<Dmmmtmm\Zs wMmmmr^si^ 

mm^x^it^z.^. h^) :^^)V7)v^-0L.x\itmip^m 
MPtr^n 0 7!;^i smA:txmi^m\SLm^'^cLrz. 
[0 0 4 9] ^\y^^uwM^m^'^rzm\:BLum2(Dn 
50 mmx\t. 7]fimtt^x\t,mi\^m\tmz,^u\.^<D\zn\^. 
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^ $ V^fc^ twjl^co C V D JS;£;;<^<ffll®J ^ n-s 
[0 0 5 01 L7&^b;^C75^b, KU;?t5^;b7;P5zi'^A$ 

^^-r^fzib. 7mMxm0SiLrzm\zit-<xm%^ii^ 

^»\ZT^Ctf)^X^^o S!oT> A 1 2 03 (OB^m\Z 

[0 0 5 1 ] z<Dm^^m9^^mLxm.m't'^o m9 
\t. m.mm'!'mmmmmi^m\r^xmf^LrzA 1 2 03 cd 

S i02 lcJSffbfelK/?fc:tefr:f«»m^#tt 
t) fS] ± ^ -ti: S ^ m * S d * ^ b T > ^ • 

[0 0 5 2] 7K^m^^xh{^\imm^mi^^ 
-^muA 1 2 03 (D^^m^zmi^xh. mm^i^t^ji^^m 

^> ^fz. Wtm5^i^ti)l^\ZJ:^^m(Df^.^^^\zJ:0m 

[0 0 5 3] [mmm4] -aiz. ^^momsommm 

miO\t. (TMA) 
[0 0 5 4] W.P(\ZV^) 

fgbfco mw.z\zyt{^(DmMmhnmz. 8-r>^cD'> 

OOPa<i:U. KS^EE 1 PaT'l 0 

W<7) a ^ ^ J[JD b ^ ^ it fco 
[0 0 5 5] SffiMjS3 0 O'C^TJta^L'fcl^tC, 

-mMyvi^)Vh\i^om\z^-K\zA^mm\^fzbzz. 



[0 0 5 6] 'X\z. wM(nm.m.Yc\zn-t ^'^i^mt^m 
A 1 2 03 /j^6H f 02 ^Tii^s^fc^^bb/co -^ntc 

W^^. KOJtKS^'bA 1 2 O3 (OfI9 7i>'3H f O2 O 
M3 O^Ta^fi^Jtr^fbL;^, A:7-':7A^Wm5 0 % 
. i^T<7?*feig:i^-Ctl, 1 0 5 ot:ogftffl3i^^>sS{fc:<&S 

d^r, $^>f3«±gi503jt»j vU3>affi^t)Sl;£^1^ 
[0 0 5 7] ^/t, UWMhX^X^-ly^^y- 
^V^-y't^^X^SZ^. 7ir5^;i'7-tr h^t-- h • a:7- ^ 
A {H f (Ac a c) 4 ) , >?x^;u7^y • J\y =^0 

A {H f (NE 1 2 ) 4 ) ^m^^tzm't\zh. mu<Dm 
Witi^n^n^zL^^mmi^rz. ^etc ^m^mmmt: 

\yX^-iy\^)'-^Y^^'zy)]^zi-^l,. 7-tr^;U7-fe 

A^fflt^/t^^tl. f/;i/nz:'^A7;U^^--- hJ®<&J[^^ 

20 ^'rfi&^L;rchUpC^;pTJI/5x':7Atc{t;lT. -rh^ 
^'^)Vi^y>^m\^^^Z.t\Z^r) . /\:7-'^A t>L< 
>?;H] - -^z A ^* b U ^- h ^ ^ ^ C i 

[0 0 5 8 ] [^mm 5 ] :*:%0^<7)m 5 o-mmm 
\z%^%i^mm-:^m\z-D\,^xwimr^. mscDmmm 

Tmzy'}':i>mm.±\ziy^)u>mtmt^mmtm 
mmm^mmfSLm\^tzm^mt^<ox;^^. 

[0 0 5 9] ^r, *^Sffi«[i3lJcJ:0g[,^g^{|:K^I^ 

^LTzmz. zy^)zi>m^^^m.n\zmxL. ssmjs 

30 4 0 0*0, S?*»EE1 Pa, 11:^1 0 7 KTffi^^v 

b>^c. m\i^x. a«MJS^3 0 ot:*T?feaiL, wisl 
fc^ 1 T}^mA(Dm:mm\zt^mLrz^mtmm(o^fk\z 

cJ:0. Wti^^i^*4i:^^^>^:^JKO5^S0aM^4 Oli] 

[0 0 6 0] ^tz. ^nmmx^s\^rzmmy^Jti)V(DR 
myi^ti)v^m\^^^:i^\z^r)^ m^t6^n^m.^m(D 
mm.m\zmmm^x^^z.h^mm\^rz. ^tz. no, 

N2 0XtiN02 ^^tSN01hi^7.f)^^^±'^ii:tzm'^ 

^ aMW tc it pjgg T ^ ^ o 

50 [0 0 6 1] tL^. ±IB^IlJKfi^J-CH. v^mxOA, 
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tmmm-c\t:$im?^m<D:^mzj: o j^sfe L^jgigK^y 

- hfi&mm^zmmLrzm^^z'Di^^xtmLrzf)^. 
mco^m^^y- h^mm(om^mm(D^{zm^^n^^ 

[0 0 6 2 ] ±fBnU7^i:LT«, CTAfr^, WIS^M . 
[0 0 6 3] 

<i: ^S<^ ^ i^* ;^ ;U <^ ^ t:: Hilt-r a :i ^ H J; 0 . 
[I^MoDfflWcCtJaBJ] 

[mi] :*:^B^C7)^tBiifSSfiC0SEfflS«^^^rElT^ 
[(112] W1S^S'fk'&i^ch7jci:^5^SBa|tLfca^C0, 30 

[@2] 




[^5] filcmMS^^ie3i^<i:C0§^^^^-rmT'^ao 

ffi] <7) Tc ^ 5^ ^ -ria T ^ . 
[1^7] *5!?«<D^i ojiiifiFyfr^^sH f 02 (T^a^i^ 

im9] ^^m<Dm3<Dmmmzw.^A 1 2 03 (omn. 

1 

2 t:-37 
3 

5 ^^:it>:/ 

9 mt^ 

I 0 itjhA*;!/::/ 

II 1&^'^7sya — z}>ha-'y 
12 S^«^li*4>'U>:$^ 

1 3 A.ij'i7A;«f;^7}^>^ 
14 U D >S« 

1 5 '>U 3>^{i:M 

1 6 mm^mtm 

1 7 

1 8 ^mm^mmm 
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